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INTRODUCTION
Fiberendoscopy and fluoroscopy permit a visual assessment of velopharyngeal
function during speech, as well as of articulatory movements of the lips, tongue,
pharynx, and larynx. The faulty articulation of cleft palate speech due to velo-
pharyngeal insufficiency is typically manifested by consonant omissions and the
substitution of glottal and pharyngeal stops and pharyngeal fricatives and affricatives
for the correct speech sound. Complementing auditory perceptions, visualization
techniques now provide a basis for assessing the dynamics of the articulatory organs
themselves. In (mr clinical studies, we have found that so-called "pharyngeal"
fricatives and.?,ffricatives, as judged by auditory impressions alone, were actually
produced in the larynx (1).
Based on these clinical findings, we have made endoscopic observations of laryn-
geal movement during the production ofvoice1ess stops produced by lceft palate spea-
kers. We noted abnormal contractions of the larynx during the production of
stops and two types of glottal stops. This paper deals with the analysis of laryngeal
movement in cleft palate speech using nasopharyngo'fiberscopy and fluorovideoscopy,
and the clinical utility of obtaining both nasopharyngonberscopic and acoustic data
from such patients.
METHODS
A total of 42 patients were used in this study. Of these patients, 34 had cleft
palates, 4 had submucous cleft palates, and 4 had congenital velopharyngeal in-
competence. They ranged in age from 4 to 53 years, with a mean age of 19.6 years
(Fig. 1).
The movenent of the larynx, pharynx and tongue during CV syllable produc-
tion was visualized by endonasal fiberscopy and fluOlovideoscopy. The images were
analyzed using recorded videotapes of the examination. In,. addition, fiberscopic
and sound spectrographic analyses were compared in those patients whose speech
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Fig. 2. Laryngeal movcmelll associated with vroduclion of Japanese consonant (kji).
The contracted arytenoid cartilages movcs upward and forward to the base of the
epiglottis. The aryepiglottic fold moves medially while the base of cpiglotlis
move.< postcdorly.
was judged, by trained auditory perceptioll, 10 contain glottal stop substitutions.
RESULTS
Assessment of Velopharyngeal Function and Articlllatioll
Assessment of the patients' velopharyngeal function indicated that
nal incompetence and the remaining 23 had complete incoffiJ.letence.
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ing 16 patients evinced various disorders of articulation, including palatalization,
consonant omissions, and immature articulation, but did not produce glottal or
pharyngeal stops, laryngeal fricatives and/or affricatives.
Fiberscopic Examination of the Nasopharynx
Abnormal laryngeal constrictions were confirmed by fiberscopic examination
in 16 of the 42 patients. During stop production, the arytenoid cartilages were ob-
served to move upward and approach, or even touch, the base of the epiglottis (Fig.
2a). Constriction of the airway, which was apparent in the entire laryngeal re-
gion, was tied to the adduction of the arytenoids together with medial movement of
the aryepiglottic folds and a backward displacement of the basal portions of the
epiglottis. These behaviors resulted in the approximation (or even contact) be-
tween the arytenoid cartilages and the epiglottis.
Fluorovideoscopic Examination
Abnormal movement of the base of the epiglottis was identified in 9 of the 11
patients receiving simultaneous fluorovideoscopic examination. During the pro-
duction of stop consonants, the base of the epiglottis was shown to move backward,
along with an upward and forward motion of the arytenoid cartilages (Fig.2b).
Relation Between Laryngeal Constriction~ Glottal Stop Production, and Velopharyngeal
Function
Layrngeal constriction was found in 15 of the 26 patients judged to produce
glottal stops. In contrast, only 1 of the 16 patients judged to not produce glottal
stops showed evidence of laryngeal constriction (Fig. 3). These results indicate
patients perceived to produce glottal stops were more likely to show laryngeal con-
striction.
Upon assessment of velopharyngeal 17 of the 26 patients shown to produce
glottal stops were found to be incompetent, while the remaining 9 had marginal
incompetence. Constriction of the larynx was found in 10 of 17 patients in the incom-
petent group and in 5 of 9 patients in the marginal incompetence group (Fig. 4).
These results suggest that the laryngeal constriction was unrelated to the extent
of velopharyngeal incompetence.
Glottal Stop Analysis Using Fiberscopy and Sound Spectrography
Glottal stops were divided into Type I and Type II categories. Type I cases
included those patients who produced a noise together with the initiation of a vowel
sound. Comparisons of the fiberscopic findings with sound spectrograms were con-
ducted over time for the Type I glottal stops (Fig. 5). Prior to voice onset, fibers-
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Fig. 3. Laryngeal constriction related to the presence or absence of Glottal Stop.
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Fig. 5. Spectrogram and laryngcal mo\"cmc.nt associated with production of a Type I glottal stop.
The VOT can't be identified in the spectr..:>gcam. as vocal folds adduct prior to voice
onset and are sustained too close during the ensuing vowel production.









Fig. 6. Spectrogram and laryngeal movement assuciaterl with production of a Typ<~ II
glottal stop.
The vocal folds are shown to adduct prior to voice onset, as apparent from the
soundspectrogram. The vocal folds then abduct quickly tu produce a plosivc
noise and adduct again to produce the vowel.
firmly adducted. At voice onset} only the false vocal folds were released, resulting
in a noise followed by the vowel production.
Fiberscopic views of the Type Il glottal stop cases were compared with spectro-
grams in the same manner (Fig. 6). For Type II glottal stops, the plosive or frica-
tive segment was shown to precede the vowel segment. For such stops, the voice
onset time (VOT) was found consistently to be positive. In fiberscopic examina-
lions, adduction of the vocal folds occurred before voice onset. Furthermore, at the
onset of vocal fold abduction, a transient (plosive) sound was produced. In our
initial observations, a voice lag of 90 to 100 ms occurred. The vocal folds were
observed to adduct, producing a sustained vowel sound, while the false vocal folds
remained open.
When examining two spectrographic patterns, tWO different laryngeal gestures
were identified. In the first, a sustained closure of the glottis is indicated, while in
the second, relatively quick opening and closing movements of the vocal folds are
suggesled. Among the 26 patients producing glottal stops, 11 were categorized as
Type I (simultaneous voice production), and 15 were classifted as Type II (voiceless
stop and/or fricative followed by voice).
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DISCUSSION
There are few reoprts investigating laryngeal constrictions associated with cleft
palate speech. Using cinefluorographic studies, Bzoch showed that grossly abnormal
articulatory movements involved constrictions of the entire laryngeal area, the
epiglottis, and the base of the tongue (2). Such constrictions were thought to un-
derlie the errors perceived and recorded as pharyngeal fricatives and glottal stops.
In our study, we have found that the constrictive movements occurreing during
laryngeal fricatives and affricatives consist of a posterior translation of the epiglottis
toward the posterior pharyngeal wall, together with a anterosuperior movement of
the arytenoids toward the epiglottis. The abnormal constriction of the larynx seen
in this study appear more frequently in those patients who produce glottal stop than
in those who do not.
Further, constrictions appeared in the same proportion of patients who were
assessed as having eithel marginal or complete velopharyngeal incompetence. These
results suggest that laryngeal constrictions are associated with defective articulations,
such as glottal stops or laryngeal fricatives and affricatives. These findings were
not related to the degree (severity) of velopharyngeal dysfunction. Such constric-
tions are suggested to play an important role in the maintenance of subglottal pres-
sure.
To date, there are many reports describing glottal stops in cleft palate speech.
Unfortunately, many of these are subjective. Although phrases such as "It is caused
by the abrupt opening of the vocal cords which have been drawn together by hyper-
tension in the laryngeal muscles, closing the glottis completely." (3) * provide descri-
ptive information of the defect, they are not supported by objective experimental
evidence. In addition, there has been little mention of the specific movement of
the larynx or epiglottis during glottal stop production.
Fiberscopic observations and spectrographic analysis revealed that there were
two distinct types of stop consonant production. Type I productions appear to
correspond most closely to glottal stop production as has been described in the litera-
ture, while Type II stops are accompanied by a new manner of articulation. Fur-
ther investigation will be necessary to delineate better the dynamics of such laryngela
articulations.
SUMMARY
1. Through observation of videotaped recordings of fiberscopic and fluorovideos-
copic examinations, abnormal constrictions of the larynx were found to occur fol-
lowing the production of stop consonants.
2. Laryngeal constrictions occurred more frequently in patients who were judged
on the basis of auditory perception to produce glottal stops than in those patients
who were judged to not produce such stops.
3. Combined fiberscopic observations and sound spectrographic analysis of glottal
stops revealed two distinct types of stop consonant production.
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